In 13.56MHz RFID system proposed by Auto-ID Center, STAC protocol is defined as an anticollision algorithm for multiple tag reading. In STAC protocol, the reader uses the tag number estimation scheme to determine the number of slots for the next reply round. If errors occur in the estimated number of tags, an identification performance will be degraded due to a lot of collision slots or idle slots. Therefore, in this paper, we propose a scheme that the reader cancels the reply round when it experiences a series of collision slots or idle slots during the current round. Through simulations, it is demonstrated that the collision rate for the proposed scheme is about 38% lower than STAC protocol. Therefore, the proposed scheme can achieve fast identification time compared with STAC protocol due to the low collision rate.
I. INTRODUCTION
In the RFID system, tag identification process is performed by reader's query to tags and then tag's backscattering its identifier as its response. But, if there are multiple tags within the identification range of reader, some of them might respond simultaneously and leads to collisions which decrease the performance. When multiple tags respond to the reader simultaneously, tag collisions occur, and no tag can be identified by the reader successfully. Therefore, the system requires a multiple-access scheme that allows the reader to read data from the individual tags. The technical scheme that handles multiple-access is called an anticollision algorithm [1] .
There are two types of anticollision algorithms: deterministic and probabilistic algorithm [2] [3] [4] . The deterministic algorithm resolves collisions by muting subsets of tags that are involved in a collision. By successively muting larger subsets, only one tag will be left and finally led to successful transmission. Binary tree and query tree algorithms are the two main methods of the deterministic algorithm. The probabilistic algorithms are based on ALOHA-like protocol that provides slots for the tags to send their data. Almost all the probabilistic algorithms use framed slot ALOHA (FSA), which has been advanced in function by adding slotting and framing on ALOHA. The tags send their identifiers at a randomly selected slot. When collisions occur, the tags that are involved in collisions retransmit their identification codes in the next query round. The probabilistic algorithms may have limitations on the completeness of tag identification because there is a probability of failing to be identified in a limited time period.
Auto-ID Center proposed a 13.56MHz ISM band RFID system. In 13.56MHz RFID system, STAC (Slotted Terminating Adaptive Collection) protocol is used for anticollision algorithm for multiple tag reading [3] . In STAC protocol, a reply round begins by issuing a BeginRound command that contains the number of slots in the forthcoming round. Upon receiving a BeginRound command, the tags calculate a proposed reply slot and wait until their slot counter, which will advance each time the reader indicates the end of a slot and the beginning of a new one, reaches the proposed reply slot position, whereupon the tag will reply during the slot. If the reader detects that two or more tag replies are present or no tag reply is present, the reader may issue a CloseSlot command which signals to all tags to increment their current slot number. Also, if there is evidence from CRC checks that the tag data has not been correctly collected, the slot is closed by a CloseSlot command. However, if it appears that the tag information has been correctly collected, the slot is closed by issuing a FixSlot command. After the reader completes the identification process for a reply round, it estimates the number of unidentified tags within its identification rage, determines the number of slots for the next reply round, and begins a new reply round by issuing a BeginRound command.
In the process of tag number estimation, the estimation errors will occur. If the estimation errors are large, the identification performances will be degraded because there are a lot of collision slots or idle slots. Therefore, this paper proposes an early release scheme of reply round for improving the performances. In the proposed scheme, the reader does not use the tag number estimation scheme. The reader uses a SC (slot counter) update algorithm, which updates a SC value at the end of each slot. If there is a series of collision slots or idle slots, SC value will be changed, and this causes the reader to release the current reply round.
II. STAC PROTOCOL
In STAC protocol, tags respond at randomly selected slots whose beginning and end are controlled by the reader [3] . A reader command signals both the end of the current and the beginning of the next slot. Figure 1 illustrates a reply round. A number of slots form a reply round. The reader's operation of STAC protocol is depicted in Figure 2 . As shown in the figure, the reader broadcasts a BeginRound command, which will cause a subset of tags to participate in the identification process. It contains several parameters. Some of these define the number of slots in the next round. Others define a selection from among the number of tags that will participate in the round. Another parameter is a hash value that is used to generate reply slot positions within a round. Tags which receive a BeginRound select randomly a reply slot position and load it into their slotcounter. When their slot-counter reaches the reply slot position, tags will reply with their EPC code. The reader starts the identification process slot-by-slot basis. If the reader detects that two or more tag replies present or no tag reply present, it issues a CloseSlot command. On the other hand, if there is only one tag reply, the reader sends a FixSlot command. This process will be repeated until the end of reply round. The reader estimates the number of collision tags during a reply round. If there exist unidentified tags in spite of the completion of reply round, the reader determines the number of slots based on the estimated number of tags and begins a new reply round. Figure 3 illustrates the state transition diagram for tag in the STAC protocol. Tags which enter the energizing field, when they have sufficient power for operation, wait before replying in a READY state for the reception of one of several commands. The reader sends a BeginRound command with the number of slots in the round. The issuing by the reader of a BeginRound command causes the definition, within each of the selected tags, of a round size parameter, a selected or not selected flag, and a proposed reply slot position, and sets to zero a counter of reply slot positions. Tags that are energized by the reader select a random slot number as the proposed reply slot, change their states to the SLOTTED READ state, and set slot counters to zero. In this state, tags calculate a proposed reply slot and wait until their slot counter reaches the proposed reply slot position, whereupon the tag will reply during the slot. This counter advances each time the reader sends the end of a slot. A tag sends its response to the reader when its counter reaches the proposed reply slot position. The reply conditions within that slot can be separated into three categories: no tag reply present; one tag reply present; and two or more tag replies present. If the reader detects that no tag reply is present, the reader send a CloseSlot command, which signals to all tags in the SLOTTED READ state to increment their slot counter. If the reader receives a response correctly, it closes the slot by issuing a FixSlot command, which makes all tags to increment their counters and prompts the tag that was correctly heard to go into the FIXED SLOT state. In the FIXED SLOT state, the tag continues to reply in each round. However, if the reader detects a collision, it sends a CloseSlot command forcing all tags to increment their counters. While those tags that had responded in this slot realize that there was a collision since they did not receive the FixSlot command, they select another slot for transmission.
III. EARLY CANCELLATION SCHEME
In STAC protocol, the reader estimates the number of tags within its identification range for determining the number of slots in the next reply round. If the estimation errors occur while estimating the number of tags, the identification performances will fluctuate very widely. Therefore, in this paper, we propose a scheme that the reader cancels early the reply round if it detects a series of collided or idle slots.
All the operations for tags are same as the original STAC protocol. Henceforth, the proposed scheme does not impose any change on tags. Also, the reader does not have to estimate the number of tags. The reader, on the other hand, updates the SC (Slot Counter) value according to the state of reply slots at every slot. The SC value is used to decide the early release of reply round and calculate the number of slots for the next reply round. If the SC value, which is updated at every slot, is different from the current one, the reader cancels the current round and issues a new round by sending BeginRound command. The number of slots in the BeginRound command is calculated by the updated SC value. Though the current round is not cancelled early, the reader also uses the updated SC value for calculating the number of slots in the next reply round.
For updating the SC value, the reader uses the duration of collision slot and idle slot and the probability that a slot is collision or idle. Figure 4 illustrates the reply round timing in 13.56MHz RFID system. As shown in the figure, the slot duration is different whether the slot has a collision or no reply. Let Tc and Ti denote the average duration of collision and idle slot, respectively. Tc and Ti can be written as follows: Assuming that the EPC code is 96 bits, Tc and Ti are 2208.96μsec and 358.70μsec, respectively. The duration of collision slot is about 6.2 times longer than that of idle slot. As a result, if there are more collisions, the identification time will be much longer. Therefore, it is necessary for the reader to adjust the SC value in a way to increase the number of idle slots while relatively decreasing the number of collision slots.
To improve the identification time, we also adopt the probabilistic approaches while updating the SC value. Let Pc and Pi denote the probabilities that a slot is collision and idle, respectively. It is assumed that a frame consists of N slots, and there are n tags in the reader's identification range. Also, we assume that the tag selects one of N slots with the equal probability because it generates a uniformly distributed random number within the range from 1 to frame size. For a given slot, number of tags that selected a slot is a binomial distribution with n Bernoulli experiments and 1/N occupied probability. Therefore, the probability Pc and Pi can be defined as follows [5] . 
As described above, the probability that a slot is idle is higher than the probability that a slot is collision. Also, the duration of collision slot is longer than that of idle slot. Therefore, the SC value must be updated differently according to the slot status. In this paper, we propose an SC update algorithm, which increments or decrements the SC value by the parameter Cc or Ci according to the slot status.
The operation for SC update algorithm is depicted in Figure 5 . As shown in the figure, this algorithm updates the SC value at every slot. If the updated SC value is different from the previous one, the reader cancels early the current reply round. The basic design principles for the proposed algorithm are as follows. As mentioned above, the duration of collided slot is longer than that of idle one. Therefore, if a collision occurs in the reply slot, the reader has to increase the SC value as soon as possible. Also, if the slot is idle, the SC value should be decreased slowly because the probability that a slot is idle is greater than the probability that a slot is collision. 
IV. SIMULATION RESULTS
In this paper, we evaluate the performance for the proposed scheme through the computer simulations. The system parameters for simulations are same as the values specified in [3] . We compare the proposed scheme with STAC protocol. All the results of simulations were averaged after iterating 100 times. For the simulation of STAC protocol, it is assumed that the minimum frame size is 16 slots. Also, we assume that the initial SC value is 4. Figure 6 shows the collision ratio according to the number of tags. The collision ratio is defined as the ratio of the number of collision slots over the total number of slots consumed for identifying all tags. In the SC update algorithm, we considered the idle probability as well as the collision probability for a slot when calculating the weight parameter Cc and Ci. The simulation results show that the collision rate for the proposed scheme is about 18%. This is 31% and 38% less than the analytical results [5] and STAC protocol, respectively. As shown in the figure, the collision rate for STAC protocol increases almost linearly as the number of tags increases. However, in the proposed protocol, the collision rate is about the same in spite of many tags.
The total identification time is shown in Figure 7 . The total identification time means the time that is consumed until all the tags within the reader's identification range are recognized by a reader. As shown in the figure, the identification time is about the same when the number of tags is small. However, if there are many tags within the identification range of reader, the proposed scheme can identify 10.6% faster than STAC protocol. As shown in Figure 6 , the collision rate of STAC protocol is higher than the proposed scheme when the number of tags is large. Also, the duration of collision slot is larger than the duration of idle slot. This means that the less the collided slots are the faster the reader identifies. Therefore, as shown in the figures, the identification time and speed for the proposed scheme are faster than STAC protocol.
IV. CONCLUSIONS
In this paper, we proposed an early cancellation scheme of reply round for improving the performances of STAC protocol. In the proposed scheme, the reader does not estimate the number of tags. The SC value, which is used for counting the number of slots needed in a round, is incremented or decremented at every slot according to the status of reply slot by the weight parameter Cc or Ci, respectively. If the SC value changes due to a series of collision slots or idle slots, the reader will cancel the current reply round.
